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(54) Image projector 

(57) White light (Li 1) emitted from a white light 
source (11) is split into R, G, B effective light beams 
(L12) and reflected in an opposite direction with respect 
to the white light source (11) by a reflection type color 
wheel (17). The beams (L12) strike a spatial light mod- 
ulator (16) where they are modulated to R, G, B optical 
images (L13), and the images are projected on to a 
screen by a projection lens (18). Consequently, the 



diameter of the color wheel (17) can be made larger 
without increasing the overall height of the apparatus. 
Further, unwanted light (LI 4) transmitted through the 
reflection type color wheel (17) is prevented from caus- 
ing heating or is transformed to electricity by a solar bat- 
tery etc. 




CM 
< 

CM 
LO 
00 

CO 
CD 
O 



Q. 
LU 



Printed by Xerox (UK) Business Services 
2.H5./ (HRS)/y.fc 



1 



EP 1 063 852 A2 



2 



Description 

[0001] The present invention relates to an image 
projector which may be suitable as a projector for pro- 
jecting a color image on a screen etc., and more partic- 
ularly relates to an image projector using a color wheel 
to split white light emitted from a light source into effec- 
tive light beams of R (red), G (green), B (blue), and 
other wavelength bands shifted by time, modulating the 
split R, G, and B effective light beams, and projecting 
them on a screen etc. 

[0002] These kinds of known image projector may 
be roughly divided into two types of system. The first 
system of such an image projector uses three R (red 
light), G (green light), and B (blue light) liquid crystal 
panels, DMDs, or other spatial light modulators. It 
passes the white light emitted from a light source 
through three R, G, and B dichromic mirrors to split it 
into R, G, and B effective light beams which it then 
guides to three spatial light modulators, drives the three 
spatial light modulators, combines the three R, G, and B 
optical images obtained by modulation by the three spa- 
tial light modulators by a prism system, and projects the 
result on a screen etc. 

[0003] Next, as shown in Fig. 21 , the second sys- 
tem of such an image projector, shown by reference 
numeral 1, comprises a white light source 2 comprised 
by a discharge lamp 2a, a reflection mirror (reflector) 2b, 
etc. and a condenser lens 3, a transmission type color 
wheel 4, and a single spatial light modulator 5 arranged 
in series on an horizontal optical axis P of white light L1 
emitted from the light source 2. As shown in Fig. 22A, 
the transmission type color wheel 4 has formed around 
the periphery of its wheel surface 4a a red filter RF, a 
green filter GF, and a blue filter BF comprised by R, G, 
and B color filters 4b dividing the outer periphery into 
three sections. Note that, as shown in Fig. 22B, there Is 
also a transmission type color wheel 4 with a white filter 
WF provided in addition to the color filters 4b to thereby 
divide the outer periphery into four and improve the 
luminance. 

[0004] Returning to Fig. 21 , the transmission type 
color wheel 4 is arranged perpendicular to the optical 
axis P of the white light L1 emitted from the white light 
source 2. The transmission type color wheel 4 is rotated 
at a high speed (10s to 100s of revolutions per second) 
by a driving means (not shown). The white light L1 emit- 
ted from the white light source 2 strikes rotating posi- 
tions of the red filter RF, green filter GF, and blue filter 
BF of the color filters 4b of the transmission type color 
wheel 4 perpendicularly and passes through the red fil- 
ter RF, green filter GF, and blue filter BF. As a result, the 
white light L1 is split into R, G, B, and other effective 
light beams L2 shifted by time by the transmission type 
color wheel 4. The effective light beams L2 strike the 
spatial light modulator 5 at different times. The spatial 
light modulator 5 modulates the effective light beams L2 
to three R, G, and B(W) optical images L3 (and white 



light for improving the luminance) shifted by time by 
applying R, G, and B image signals (and a signal for 
improving the luminance) in synchronization with the 
time the three or four R, G, and B(W) effective light 

5 beams L2 strike it and emit those optical images L3. At 
this time, the three R, G, and B optical images L3 (and 
white light for improving the luminance) can be viewed 
by the human eye superimposed, so the optical images 
L3 are projected by a projection lens 6 on a screen 7 

10 etc. to thereby project a full color image. 

[0005] Summarizing the problems to be solved by 
the invention, the first system of image projector using 
three spatial light modulators and dichromic mirrors suf- 
fers from the problem of the large number of parts and a 

15 difficulty in space saving, so is not suitable for compact 
projectors. 

[0006] The second system of image projector 1 
using the transmission type color wheel 4 and the single 
spatial light modulator 5 as shown in Fig. 21 has the 
20 problem that it is difficult to reduce the height of the 
overall apparatus. 

[0007] That is, as shown in Fig. 23, when using the 
transmission type color wheel 4, the cross-sectional 
area of the spot SL of the white light L1 striking the 

25 transmission type color wheel 4 must be made suffi- 
ciently small with respect to the diameter of the trans- 
mission type color wheel 4. At the instant the spot of 
light SL passes a dividing point RGP, GBP, or BRP of 
the red filter RF, green filter GF, and blue filter BF, two 

30 colors of effective light end up to be mixed. If the spatial 
light modulator 5 operates at the instant a mixed effec- 
tive light beam L2 strikes it, an optical image L3 having 
two mixed colors is projected on the screen 7. 
[0008] To prevent this, it is necessary to turn off the 

35 spatial light modulator 5 at the times the spot of light SL 
passes the dividing points RGP, GBP, and BRP of the 
red filter RF, green filter GF, and blue filter BF to prevent 
projection of an optical image L3 of two mixed colors on 
the screen 7. 

40 [0009] Figure 24 shows the state in which the spa- 
tial light modulator 5 is supplied with R, G, and B image 
signals SR, SG, and SB in synchronization with the 
striking of the three R, G, and B effective light beams 
L2. The mixture of two colors of light in an optical image 

45 L3 is prevented by setting times T for turning off the spa- 
tial light modulator 5 between times of application of the 
R, G, and B image signal SR, SG, SB. 
[0010] The off time T of the spatial light modulator 
5, however, lowers the luminance of the optical image 

so projected on the screen 7 and causes a lowering of the 
image quality of the projected full color image. 
[001 1 ] Accordingly, it is desirable that the spot SL of 
the emitted light L1 striking the transmission type color 
wheel 4 be as small as possible. The white light emitted 

55 from the discharge lamp 2a or other white light source is 
originally emitted from a light source with great limita- 
tions, however. Even if condensing this white light LI, 
the white light L1 cannot be focused completely to a sin- 
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gle poim. Consequently, the spot of light SL has. a cer- 
tain size. 

[0012] For the reasons described above, as shown 
in Fig. 25, the diameter of the transmission type color 
wheel 4 must be made relatively large (normally the 
diameter D is not less than approximately 10 cm). In a 
conventional image projector 1 of the system where in 
the transmission type color wheel 4 is arranged perpen- 
dicular to the optical axis P of the white light Ll emitted 
from the white source 1 , the overall height H of the 
image projector 1 increases in proportion to the diame- 
ter D of the transmission type color wheel 4. Further, if 
the overall height of H of the image projector 1 
increases, the overall volume of the image projector 1 
increases, consequently the image projector 1 becomes 
large in si2e and heavy in weight. Further, costs are 
increased due to the increase of the casing material of 
the image projector 1 etc. 

[0013] Accordingly, as shown in Fig. 26, it has been 
considered to make the transmission type color wheel 4 
tilt slightly with respect to the optical axis P in order to 
make the overall height H of the image projector 1 
shown in Fig. 25 as small as possible. 
[0014] When tilting the transmission type color 
wheel 4 with respect to the optical axis P, however, as 
shown in Fig. 27A.. the spot SL of the white light 
becomes an ellipse and increases in cross-sectional 
area. As described above, the time during which the 
spot of light SL passes the dividing points RGP, GBR 
and BRP of the red filter RF, green filter GF, and blue fil- 
ter BF of the transmission type color wheel 4 becomes 
longer, the time T for turning off the spatial light modula- 
tor 5 shown in Fig. 24 becomes longer, and conse- 
quently the luminance of the optical images L3 
projected on the screen 7 ends up being lowered. 
[0015] Note that in order to prevent this, as shown 
in Fig. 27B, by arranging the position at which the spot 
of light SL strikes the color wheel 4 directly below or 
directly above a center of rotation of the transmission 
type color wheel 4 and adjusting a direction of a short 
axis of the spot of light SL having an ellipse shape to a 
rotational direction of the transmission type color wheel 
4, the time during which the spot of light SL passes the 
dividing points RGP, GBP, and BRP will not become that 
long. 

[0016] In order to arrange the position where the 
spot of light SL strikes the color wheel 4 to be directly 
below or directly above the center of rotation of the 
transmission type color wheel 4, however, the transmis- 
sion type color wheel 4 has to be offset above or below 
to the optical axis P of the white light L1 emitted from the 
white light source 1 . If offsetting the transmission type 
color wheel 4 above or below the optical axis, however, 
the overall height H of the image projector 1 ends up 
increasing. 

[001 7] On the other hand, the three or four color fil- 
ters 4b constituting the red filter RF, green filter GF, and 
blue filter BF (or white filter WF) are each designed to 



transmit a designated color and absorb or reflect light of 
other colors, that is, unwanted light. That is, the red fitter 
RF transmits only R and absorbs or reflects the 
unwanted G and B(W) light. The green filter GF trans- 

5 m'rts only G and absorbs or reflects the unwanted R and 
B(W) light. The blue filter BF transmits only B and 
absorbs or reflects the unwanted R and G(W) light. 
[0018] Accordingly, in a high luminance image pro- 
jector 1 raising the optical energy of the white light Ll 

w emitted from the white light source 2 so as to project 
optical images L3 of high luminance, the amount of 
absorption of the unwanted light at the color filters 4b of 
the transmission type color wheel 4 increases and the 
color filter 4b is easily damaged by the heat. Accord- 

15 ingly, it is desirable that the color filters 4b reflect the 
unwanted light as much as possible. 
[0019] There is a method of using dichroic mirrors 
comprising a plurality of layers of coated thin films as 
the three or four color filters 4b constituting the red filter 

20 RF, green filter GF, and blue filter BF (white filter WF) of 
the transmission type color wheel 4. By using dichroic 
mirrors, it is possible to make the red filter RF, green fil- 
ter GF, and blue filter BF (white filter WF) transmit 
respectively only specific R, G, and B(W) effective light 

25 beams L2 and reflect other unwanted light, conse- 
quently the amount of absorption of the unwanted light 
at the color filters 4b decreases and the color filters 4b 
become resistant to heating and damage. 
[0020] If using dichroic mirrors as the color filters 4b 

30 of the transmission type color wheel 4 shown in Fig. 21 , 
however, when the three or four color filters 4b of the 
transmission type color wheel 4 are struck by the white 
light Li emitted from the white light source 2 and pass 
the R, G, and B (W) effective light beams L2, as shown 

35 by the dotted lines in Fig. 21, the unwanted light L4 
reflected by the color filters 4b ends up directly returned 
to the white light source 1 side. That unwanted light L4 
conversely passes through the condenser lens 3 toward 
the white light source 2 side and is condensed by the 

40 reflection mirror 2b to strike and heat the discharge 
lamp 2a. 

[0021] In general, high pressure gas is sealed in the 
discharge lamp 2a. If the discharge lamp 2a is heated 
by the unwanted light 14, the high pressure expands 

45 and therefore the discharge lamp 2a is easily destroyed. 
Furthermore, the ventilation around the discharge lamp 
2a is very poor since the discharge lamp 2a is sur- 
rounded by the reflection mirror 2b. The discharge lamp 
2a is therefore located in an environment where the 

so temperature easily rises. Consequently, the discharge 
lamp 2a easily rises in temperature and is destroyed 
due to the unwanted light L4. 

[0022] In order to prevent the heating and destruc- 
tion of the discharge lamp 2a by the unwanted light L3 : 
55 the discharge lamp 2a has to be cooled. However, it is 
extremely difficult to coot the discharge lamp 2a sur- 
rounded by the reflection mirror 2b effectively. If using 
an air cooling fan etc. for forced cooling, a large cooling 
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fan becomes needed. This not only causes the image 
projector 1 to become larger and heavier, but also 
increases the power consumption due to the need to 
drive the large air cooling fan and creates the new prob- 
lem of the noise caused by the operation of the large air 5 
cooling fan. 

[0023] An aim of at least an embodiment of the 
present invention is to provide an image projector capa- 
ble of enlarging the diameter of the color wheel without 
increasing the overall height of the apparatus. io 
[0024] Another aim of the present invention is to 
provide an image projector capable of preventing heat- 
ing and damage of the color wheel caused by the 
absorption of light by the color filters, achieving superior 
heat dissipation, and saving power. id 
[0025] An image projector of the present invention 
uses a reflection type color wheel designed to receive 
white light emitted from a light source into light beams 
(effective light beams) of different wavelength bands at 
different times and guiding the light beams to the spatial 20 
light modulator without returning them to the light 
source. 

[0026] Since an image projector of the present 
invention comprised as described above uses a reflec- 
tion type color wheel to receive white light emitted from 25 
a light source to light beams of different wavelength 
bands at different times and directs the light beams to 
the spatial light modulator without returning them to the 
light source, it becomes possible to freely set the reflec- 
tion type color wheel to any desired angle other than a 30 
right angle with respect to an optical axis of the white 
light emitted from the light source and to make the diam- 
eter of the reflection type color wheel larger without 
increasing the overall height of the apparatus. 
[0027] Alternatively, the image projector of the 35 
present invention comprises a reflection type color 
wheel designed to receive white light emitted from a 
light source into light beams of different wavelength 
bands at different times and directs the light beams to 
the spatial light modulator without returning them to a 40 
light source and a means for processing and/or using 
unwanted light transmitted through the reflection type 
color wheel. 

[0028] Since the image projector of the present 
invention comprised as described above uses a reflec- 45 
tion type color wheel to direct the light beams to the spa- 
tial light modulator without returning them to the light 
source and pass the unwanted light, it becomes possi- 
ble to prevent the color filters from being heated and 
destroyed by absorption of light like a transmission type 50 
color wheel. Further the means for processing and/or 
using the unwanted light transmitted through the trans- 
mission type color wheel enables improvement of the 
heat dissipation and a reduction in the power consump- 
tion. 55 
[0029] Other aspects of the invention are set out in 
claims 1,7, 13 and 1 7. 

[0030] These and other aspects and features of the 



present invention will become clearer from the following 
description of the preferred embodiments given with ref- 
erence to the accompanying drawings, in which: 

Fig. 1 is a schematic side view for explaining a con- 
figuration from a white light source to a spatial light 
modulator, including a reflection type color wheel, in 
an image projector of a first embodiment according 
to the present invention; 

Fig. 2 is a schematic side view for explaining a con- 
figuration from a reflection type color wheel to a 
screen of the image projector; 
Fig. 3 is a schematic perspective view for explaining 
an overall height of the image projector and an 
enlarged state of the reflection type color wheel; 
Fig. 4 is a perspective view seen from below for 
explaining a spot of white light striking the reflection 
type color wheel of the image projector; 
Fig. 5 is a schematic side view for explaining a sec- 
ond embodiment of an image projector of the 
present invention; 

Fig. 6 is a schematic side view for explaining a third 
embodiment of an image projector of the present 
invention; 

Fig. 7 is a schematic side view for explaining a 

fourth embodiment of an image projector of the 

present invention; 

Fig. 8 is a plane view of Fig. 7; 

Fig. 9 is a schematic side view for explaining a fifth 

embodiment of an image projector of the present 

invention; 

Fig. 1 0 is a plane view of Fig. 9; 
Fig. 1 1 is a schematic side view for explaining a 
sixth embodiment of an image projector of the 
present invention; 

Fig. 12 is a schematic side view for explaining a 
seventh embodiment of an image projector of the 
present invention; 

Fig. 13 is a schematic side view for explaining an 
eighth embodiment of an image projector of the 
present invention; 

Fig. 14 is a schematic side view for explaining a 
ninth embodiment of an image projector of the 
present invention; 

Fig. 15 is a schematic side view for explaining a 
10th embodiment of an image projector of the 
present invention; 

Fig. 16 is a schematic side view for explaining an 
11th embodiment of an image projector of the 
present invention; 

Fig. 17 is a schematic side view for explaining a 
12th embodiment of an image projector of the 
present invention; 

Fig. 18 is a schematic side view for explaining a 
13th embodiment of an image projector of the 
present invention; 

Fig. 1 9 is a schematic side view for explaining an 
example of a modification of an image projector of 
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the present invention; 

Fig. 20 is a schematic plane view for explaining an 

example of using a plurality of mirrors to bend an 

optical axis a plurality of times; 

Fig. 21 is a schematic side view for explaining an 

example of using a transmission type color wheel in 

a conventional image projector; 

Figs. 22A and 22B are front views for explaining 

color filters of general transmission type color 

wheels; 

Fig. 23 is a perspective view for explaining an spot 
of light striking and passing through a transmission 
type color wheel; 

Fig. 24 is a view for explaining image signals to be 
supplied to a spatial light modulator and off times of 
the image signals; 

Fig. 25 is a schematic perspective view for explain- 
ing a relationship between an overall height of a 
conventional image projector and a diameter of a 
transmission type color wheel; 
Fig. 26 is a schematic side view for explaining an 
example of tilting a transmission type color wheel of 
a conventional image projector with respect to an 
optical axis: and 

Fig. 27 is a front view for explaining a spot of light 
passing through a tilted transmission type color 
wheel shown in Fig. 26. 

[0031] Below, a description will be given of image 
projectors according to preferred embodiments of the 
present invention. 

First Embodiment 

[0032] First, a first embodiment of an image projec- 
tor 10 will be explained by using Fig. 1 to Fig. 4. In this 
case, an optica! axis P of white light L1 1 emitted from a 
white light source 1 1 comprised by a discharge lamp 
1 la, reflection mirror 11b, etc. is set to be horizontal. A 
first condenser lens 1 2, a first and second mirror 1 3 and 
14, a second condenser lens 15, and a spatial light 
modulator 16 are arranged approximately in series 
along the optical axis R Further, a reflection type color 
wheel 17 is arranged horizontally approximately parallel 
with the optical axis P so that the reflection type color 
wheel 1 7 straddles upper parts or lower parts of the first 
and second mirrors 13 and 14 (arranging a wheel sur- 
face 17a of the reflection type color wheel 17 horizon- 
tally approximately parallel with the optical axis P). 
Further, the first and second mirrors 13 and 14 are 
arranged tilted in opposite directions symmetrically with 
respect to the optical axis R These first and second mir- 
rors 13 and 14 make the white light L1 1 strike the reflec- 
tion type color wheel 1 7 at an angle, while the reflection 
type color wheel 17 makes the effective light beams L1 2 
reflected at an angle toward an opposite direction from 
the white light L11 strike the spatial light modulator 16 
along the optical path P. These thereby constitute an 



optical path changing means for changing an optical 
path. 

[0033] The red filter RF, green filter GF, and blue fil- 
ter BF (white filter WF arranged in case of need) com- 

5 prised by three or four color filters 4b arranged at the 
periphery of the reflection type color wheel 1 7 and divid- 
ing the peripheral direction into three or four are com- 
prised by so-called dichroic mirrors, that is, color filters 
constituted by a plurality of coated thin films. The three 

70 or four color filters 1 7b of the reflection type color wheel 
17 are constituted so as to have reflection rates of the 
effective light beams which are higher than the trans- 
mission rates of the unwanted light 14. The white filter 
WF however should be finished to a mirror surface so as 

15 to be able to reflect all of the white effective light beam, 
that is, should be constituted to be a normal reflection 
mirror. Further, the white filter WF should be constituted 
to be a mirror reflecting only visible light for preventing 
infrared rays and ultraviolet rays from striking the spatial 

20 light modulator 16. 

[0034] The image projector 10 using the reflection 
type color wheel 17 drives the reflection type color 
wheel 17 to rotate at a high speed (10s to 100s of revo- 
lutions per second) in a state approximately parallel with 

25 the optica! axis P by a driving means (not shown). The 
white light L1 1 emitted from the white source -.1 1 passes 
through the first condenser lens 1 2 to strike the first mir- 
ror 13, is reflected upward or downward at an angle by 
the first mirror 13 (changed in optical path for first time), 

30 and strikes the red filter RF, green filter GF, and blue fil- 
ter BF (white filter WF) of the three or four color filters 
17b of the reflection type color wheel 17 from above or 
below at an angle. Consequently, the white light L1 1 is 
split into the three or four R, G, B(W) effective light 

35 beams LI 2 of wavelength bands shifted by time. The 
split effective light beams LI 2 are reflected toward the 
side opposite to the first mirror 13, that is, toward the 
second mirror 14, upward or downward at an angle. 
[0035] That is, the red filter RF reflects only the red 

40 effective light beam L12 and transmits the G. B (W) 
unwanted light beams LI 4. The green filter GF reflects 
only the green effective light beam L12 and transmits 
the R, B (W) unwanted light beams Li 4. The blue filter 
BF reflects only the blue effective light beam L12 and 

45 transmits the R, G (W) unwanted light beams L14. 

[0036] The three or four R, G, B (W) effective light 
beams L12 having wavelength bands shifted by time 
are reflected toward the second mirror 14 by the reflec- 
tion type color wheel 1 7 in this way. The reflected effec- 

50 tive light beams Li 2 are further reflected to a direction 
parallel with the optical axis P by the second mirror 14 
(changed in optical path for second time) and strike the 
second condenser lens 15. Then, the spatial light mod- 
ulator 16 supplies R, G, B (W) image signals in synchro- 

55 nization with the time the three or four R, G. B (W) 
effective light beams L12 strike it so as to modulate the 
beams to optical images LI 3 of wavelength bands 
shifted by time. The optical images LI 3 are projected on 
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a screen 1 9 etc. by a projection lens T8 to project a full 
color image on the screen 1 9 etc. 
[0037] According to the image projector 10 of the 
first embodiment, the white light L1 1 emitted from the 
white source 11 is made to strike the reflection type 
color wheel 17 at an angle by the first mirror 13 consti- 
tuting a first optical path changing means and is split 
and reflected into three or four R, G, B (W) effective 
beams Li 2 of wavelength bands shifted by time and the 
R, G, B (W) effective light beams LI 2 reflected by the 
color filters 17b are guided to the spatial light modulator 
1 6 by the second mirror 1 4 constituting the second opti- 
cal path changing means without returning the 
unwanted light L14 to the white light source 1 1 . Conse- 
quently, it is possible to set the reflection type color 
wheel 17 to any desired angle other than a right angle 
with respect to the optical axis P of the white light L1 1 
emitted from the white light source 1 1 and therefore 
make the diameter of the reflection type color wheel 17 
larger without increasing the overall height of the image 
projector 10. 

[0038] That is, according to the image projector 10 
of the first embodiment, as shown in Fig. 1 and Fig. 2, 
the reflection type color wheel 1 7 is arranged substan- 
tially horizontal to the optical axis R so, as shown in Fig. 
3, so it is possible to arrange the reflection type color 
wheel 1 7 horizontal at the upper side or lower side in the 
image projector 10. 

[0039] Consequently, according to this image pro- 
jector 10, the disadvantage of the overall height H11 of 
the image projector 10 being determined by the size of 
the diameter D11 of the reflection type color wheel 17 
does not occur and it is possible to remarkably reduce 
the overall height of the image projector 1 0 in compari- 
son with the overall height of the image projector 7 of 
the prior art. That is, even when setting the diameter 
D11 of the reflection type color wheel 17 much larger 
than the diameter D of the transmission type color 
wheel 3 of the prior art, the overall height H1 1 of the 
image projector 10 can be made a minimum height 
much less than the overall height H of the image projec- 
tor 7 of the prior art. 

[0040] Since it is possible to set the diameter D1 1 of 
the reflection type color wheel 1 7 much larger than the 
diameter D of the transmission type color wheel 4, even 
when setting the rotational speed of the reflection type 
color wheel 17 to the same speed as that of the trans- 
mission type color wheel 4 of the prior art (1 0s to 1 00s 
of revolutions per second), the peripheral speed of the 
three or four color filters 1 7b formed on the periphery of 
the reflection type color wheel 1 7 at the time of rotation 
can be made faster than the peripheral speed of the 
color filters 4b of the transmission type color wheel 4 of 
the prior art at the time of rotation. If the peripheral 
speed of the color filters 17b at the time of rotation 
becomes faster, the time T for turning the spatial light 
modulator 1 6a off while supplying the image signals SR, 
SG, SB to the spatial light modulator 16, explained in 



Fig. 24, can be shortened, so it becomes possible to 
improve the luminance of the optical images L13 pro- 
jected on the screen 1 9 etc. 

[0041] Note that according to this image projector 

5 10, as shown in Fig. 4, since the white light L1 1 emitted 
from the white source 1 1 strikes the three or four color 
filters 17b of the reflection type color wheel 17 at an 
angle, in the same way as explained in Fig. 27A, the 
spot SL of the emitted light L1 1 on the color filters 17b 

io becomes an ellipse and becomes larger in cross-sec- 
tional area, the time during which the spot of light SL 
passes the dividing points of the red filter RF, green filter 
GF, and blue filter BF (white filter WF) of the three or 
four color filters 1 7b of the reflection type color wheel 1 7 

15 becomes longer, and the disadvantage of the time T for 
turning off the spatial light modulator 16 becomes 
longer, but this problem can be solved by setting the 
diameter D of the reflection type color wheel 1 7 larger 
and making the peripheral speed of the color filters 17b 

20 at the time of rotation faster. Further, as explained in 
Fig. 28B, by selecting the position where the spot of 
light SL strikes the wheel so that the short axis direction 
of the spot of light SL having the elliptical shape in the 
rotational direction of the reflection type color wheel 1 7, 

25 it is possible to avoid the disadvantage of the time for 
turning the spatial light modulator 16 off being longer 
and to set a short off time T of the spatial light modulator 
1 6 approximately the same as when that the white light 
L11 strikes the color filters 17b of the reflection type 

30 color wheel 1 7 in a perpendicular direction. 

[0042] Further, as shown in Fig. 1 and Fig. 2, 
according to the system arranging the wheel surface 
1 7a of the reflection type color wheel 1 7 to be parallel to 
the optical axis P of the white light L1 1 emitted from the 

35 white light source 11 and making the white light L11 
strike the three or four color filters 1 7b of the reflection 
type color wheel 1 7 at an angle by the first mirror 1 3, the 
unwanted light L14 not selected by the reflection type 
color wheel 1 7 is transmitted to the rear of the reflection 

40 type color wheel 17. Consequently, the unwanted light 
L14 is completely prevented from reaching the dis- 
charge lamp 11a constituting the white light source 1 1. 
Accordingly, the discharge lamp 11a is not heated by 
the unwanted light L14, the heat load on the discharge 

45 lamp 11a can be reduced, and the discharge lamp 1 1 a 
can be easily cooled. 

Second Embodiment 

so [0043] Figure 5 shows a second embodiment of an 
image projector 10. In this case, the costs are reduced 
by replacing the first and second condenser lenses 12 
and 15 shown in the first embodiment with first and sec- 
ond decentered lenses 21, 22 and using the lenses 21, 

55 22 both as condenser lenses and optical path changing 
means and thereby eliminating the first and second mir- 
rors 1 3, 14 constituting the optical path changing means 
shown in the first embodiment. That is, according to the 
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second embodiment of the image projector 10, the 
white light LIT emitted from the white light source 11 is 
condensed and made to strike the reflection type color 
wheel 17 at an angle by the first decentered lens 21, 
while the three or four R, G, B (W) effective light beams 5 
L12 of wavelength bands shifted by time split and 
reflected by the reflection type color wheel 1 7 are con- 
densed by the decentered lens 22 and made to strike 
the spatial light modulator 1 6 in parallel with the optical 
axis P. Note that, in this case, an optical device called a 70 
light integrator capable of lighting with a uniform lumi- 
nance may be placed between the reflection type color 
wheel 17 and the spatial light modulator 16. The light 
integrator and a glass rod may also be combined or two 
multi-lens arrays may also be used. 75 

Third Embodiment 

[0044] Figure 6 shows a third embodiment of the 
image projector 1 0. In this case, a transmission type liq- 20 
uid crystal panel 23 comprised by a liquid crystal mate- 
rial is used as the spatial light modulator 1 6. An incident 
side polarization plate 24 and an emission side polari- 
zation plate 25 are arranged before and after the trans- 
mission type liquid crystal panel 23. The three or four R, 25 
G, B (W) effective light beams L12 of wavelength bands 
shifted by time obtained by the reflection type color 
wheel 1 7 splitting and reflecting the white light into three 
or four colors of R, G : B (W) are made to strike the trans- 
mission type liquid crystal panel 23 through the incident 30 
side polarization piate 24 by the second mirror 14 and 
the second condenser lens 15. The transmission type 
liquid crystal panel 23 supplies R, G, B (W) image sig- 
nals in synchronization with the time the three or four R, 
G, B (W) effective light beams LI 2 strike it so as to pass 35 
and emit three or four R, G, B (W) optical images L13 
(and white light for improving the luminance) of wave- 
length bands shifted by time. The optical images L13 
are projected to the screen 1 9 etc. by the projection lens 
16. 40 

Fourth Embodiment 

[0045] Figure 7 and Fig. 8 show a fourth embodi- 
ment of the image projector 10. In this case, a digital 45 
micro-mirror device (DMD) 26 is used as the spatial light 
modulator 16. The DMD 26 uses a plurality of independ- 
ently driven micro-mirrors having a two-dimensional 
array structure to reflect incident light and control an 
emission of optical images based on image signals. The so 
three or four R, G ; B (W) optical images Li 2 of wave- 
length bands shifted by time which are split and 
reflected by the reflection type color wheel 17 are con- 
densed and made to strike the DMD 26 by the second 
mirror 14 and the second condenser lens 15. By supply- 55 
ing R, G. B (W) image signals to the DMD 26 in synchro- 
nization with the time the three or four R, G, B (W) 
effective light beams L12 strike the DMD 26, the micro- 



mirrors constituting the pixels of the DMD 26 are moved 
and three R, G, B (W) optical images (and white light for 
improvement of luminance) of wavelength bands shifted 
by time are reflected to one side in the horizontal plane 
including the optical axis P and projected to the screen 
19 etc. by the projection lens 16. 

Fifth Embodiment 

[0046] Figure 9 and Fig. 10 show a fifth embodi- 
ment of the image projector 1 0. In this case, a reflection 
type liquid crystal panel 27 comprised by a liquid crystal 
material is used as the spatial light modulator 16. A 
polarizing beam splitter 28 is arranged between the sec- 
ond condenser lens 15 and the reflection type crystal 
panel 27. The three or four R, G, B (W) effective light 
beams Li 2 of wavelength band shifted by time split and 
reflected by the reflection type color wheel 17 are 
guided by the second mirror 14 and the second con- 
denser lens 15 to pass through the polarization beam 
splitter 28. Predetermined polarization waves (for exam- 
ple, S-waves) thereby strike the reflection type liquid 
crystal panel 27. By supplying R, G, B (W) image sig- 
nals to the reflection type liquid crystal panel 27 in- syn- 
chronization with the time of the three or four R, G, B 
(W) effective light beams L1 2 strike the panel, the polar- 
ization states of the light beams are controlled in corre- 
spondence with the signals. Optical images L13 are 
obtained by reflecting the predetermined polarization 
waves (for example, P -waves) by the polarization beam 
splitter 28. The optical images L13 : bent 90 degrees in 
the horizontal plane including the optical axis P by the 
polarizing beam splitter 28, then strike the projection 
lens 18 and are projected to the screen 19 etc. 
[0047] According to the image projectors .of the 
above embodiments, since a reflection type color wheel 
is used to split and reflect the white light emitted from 
the light source to effective light beams of wavelength 
bands shifted by time and the effective light beams are 
guided to the spatial light modulator without returning to 
the light source, it is possible to prevent the light source 
from being heated and therefore improve the dependa- 
bility. Further, since it is possible to set the reflection 
type color wheel to any desired angle other than a right 
angle with respect to the optical axis of the white light 
emitted from the light source, it becomes possible to 
make the diameter of the reflection type color wheel 
larger without increasing the overall height of the appa- 
ratus. Consequently, it is possible to shorten the time for 
turning off the spatial light modulators and to improve 
the luminance of the emitted optical images. 
[0048] Further, according to the image projectors of 
the above embodiments, since the reflection type color 
wheel is used to split and reflect the white light emitted 
from the light source to effective light beams of wave- 
length bands shifted by time and the effective light 
beams are guided to the spatial light modulators without 
returning to the light source and since at that time the 
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reflection type color wheel is arranged in parallel with 
the optical axis of the white light emitted from the light 
source and/or the effective light beams striking the spa- 
tial light modulator and an optical path changing means 
is provided for making the white light strike the reflection 
type color wheel at an angle and/or for making the effec- 
tive light beams reflected from the reflection type color 
wheel strike the spatial light modulator at an angle, it is 
possible to arrange the reflection type color wheel within 
the image projector horizontally and increase the diam- 
eter of the reflection type color wheel to the maximum 
while maintaining the minimum overall height of the 
apparatus and thereby realize a high quality image pro- 
jector remarkably improved in the luminance of the pro- 
jected optical images. 

Sixth Embodiment 

[0049] Figure 1 1 shows a sixth embodiment of the 
image projector 10. In this case, by arranging a solar 
battery 30, an example of a means 29 for processing 
and/or using the unwanted light L14, at the rear of the 
reflection type color wheel 17 and using the unwanted 
light L14 transmitted to the rear of the reflection type 
color wheel 17 to strike the solar battery 30, the solar 
battery 30 uses the unwanted light L14 to generate 
power to cover part of the power requirements of the 
image projector 10 and thereby reduce the overall 
power consumption of the image projector 10. Further, 
the conversion of light to power in the solar battery 30 
reduces the generation of heat energy by the amount of 
conversion to power and therefore facilitates cooling of 
the inside of the image projector 1 0. 

Seventh Embodiment 

[0050] Figure 12 shows a seventh embodiment of 
the image projector 10. In this case, the reflection type 
color wheel 17 is arranged at an angle of approximately 
45 degree from the optical axis P of the white light L1 1 
emitted from the white light source 11 so as to make the 
reflection efficiency of the effective light beams L12 and 
the transmission efficiency of the unwanted light L14 
approximately uniform. The condenser lens 12 at the 
white light source 1 1 side shown in the sixth embodi- 
ment is eliminated. The white light L1 1 emitted from the 
discharge lamp 11a constituting the white light source 
1 1 is made to strike the three or four color filters 17b of 
the reflection type color wheel 17 at an angle of about 
45 degrees by the reflection mirror 1 1 . The split R, G, B 
(W) effective light beams L12 of wavelength bands 
shifted by time as described before are reflected with a 
high efficiency at angles of approximately 45 degree 
and strike the spatial light modulator 16. The R, G, B 
(W) optical images LI 3 modulated to wavelength bands 
shifted by time by the spatial light modulator 16 as 
described before are projected to the screen 19 etc. by 
the projection lens 1 8. A solar battery 30, an example of 



a means 29 for processing and/or using the unwanted 
light L14, is arranged at a right angle with respect to the 
unwanted light L14 at the rear of the reflection type color 
wheel 17 (opposite side of the white light source 11). 

5 The unwanted light L14 of the white light L11 transmit- 
ted with a high efficiency to the rear of the reflection type 
color wheel 17 strikes the solar battery 30 whereupon 
the solar battery 30 generates power. In the same way 
as in the sixth embodiment, it is therefore possible to 

10 reduce the power consumption of the image projector 
10. Further, the costs are reduced by eliminating the 
condenser lens 12 at the white light source 1 1 side and 
therefore reducing the number of parts and assembly 
work. Note that the angle of the reflection type color 

1 5 wheel 1 7 with respect to the optical axis P does not nec- 
essarily have to be 45 degree. It is possible to change 
the angle in accordance with the arrangement of the 
optical system of the image projector 10 etc. 



[0051] Figure 13 shows an eighth embodiment of 
the image projector 1 0. In this case, a transmission type 
liquid crystal panel 23 is used as the spatial light modu- 
25 iator 16 of the seventh embodiment. An incident side 
polarization plate 24 and an emission side polarization 
plate 25 are disposed at the incident side and the emis- 
sion side. 



[0052] Figure 14 shows a ninth embodiment of the 
image projector 10. In this case, a heat sink 31 is 
arranged as a means 29 for processing and/or using the 

35 unwanted light L14 of the seventh embodiment. The 
heat sink 31 blocks the unwanted light L14 and dissi- 
pates the heat of the unwanted light LI 4 with a high effi- 
ciency by a plurality of radiating fins 31a. It is also 
possible to simultaneously use an air cooling fan (not 

40 shown) to raise the heat dissipation efficiency of the 
unwanted light L14 at the heat sink 31. Consequently, 
according to the ninth embodiment, it is possible to pre- 
vent the unwanted light L14 from returning to the white 
light source 1 1 and dissipate heat with a high efficiency 

45 at the heat sink 31 . Further, it is possible to disperse the 
heat sources in the image projector 10 into the white 
light source 1 1 portion and the heat sink portion 31 and 
effectively cool both. Consequently, cooling of the inside 
of overall image projector 10 is facilitated and a large air 

so cooling fan used conventionally becomes unnecessary. 

1.0th, Embodiment 

[0053] Figure 15 shows a 10th embodiment of the 
55 image projector 10. In this case, a transmission type liq- 
uid crystal panel 23 is used as the spatial light modula- 
tor 16 in the ninth embodiment. An incident side 
polarization plate 24 and an emission side polarization 
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plate 25 are arranged at the incident side and the emis- 
sion side. 

11th Embodiment 

[0054] Figure 1 6 shows an 1 1th embodiment of the 
image projector 1 0. In this case, the reflection type color 
wheel 1 7 is also used as the reflection mirror 33 of the 
white light source 2 side of the image projector l of the 
prior art shown in Fig. 20 explained subsequently so as 
to eliminate the reflection mirror 33 and thereby reduce 
costs by the reduction of the number of parts and the 
assembly work and reduce the overall weight of the 
image projector 10. 

[0055] That is, as shown in Fig. 20, in the past, in 
this type of image projector 1 . when the location of the 
white light source 2 within the projector was limited, 
sometimes the white light L1 1 emitted from a white light 
source 2 along the optical axis P was split into the three 
or four R, G, B (W) effective light beams L2 of wave- 
length bands shifted by time by a transmission type 
color wheel 4, the optical axes P of the effective light 
beams L2 were bent several times using a plurality of 
reflection mirrors 33, 34 to change the optical paths, the 
effective light beams L2 were made to strike to the spa- 
tial light modulator 5 by the condenser lens 3 during that 
interval and were modulated to R, G, B (W) optical 
images L3 of wavelength bands shifted in time at the 
spatial light modulator 5, and then the modulated optical 
images L3 were projected a screen (not shown) so as 
thereby to make the image projector 1 more compact. In 
this case, however, a plurality of reflection mirrors 33, 34 
becomes necessary and therefore the number ofparts 
and assembly work are increased and the costs made 
higher. In comparison with this, according to the 11th 
embodiment of the image projector 10 shown in Fig. 16, 
the reflection mirror 33 can be eliminated. 

12th Embodiment 

[0056] Figure 17 shows a 12th embodiment of the 
image projector 10. In this case, a reflection type liquid 
crystal panel 27 is used as the spatial light modulator 1 6 
of the seventh to 10th embodiments. A polarizing beam 
splitter 28 is arranged at the incident side of the reflec- 
tion type liquid crystal panel 27. The three or four R, G, 
B (W) effective light beams L1 2 of wavelength bands 
shifted by time split by the reflection type color wheel 1 7 
are reflected 90 degrees by the polarizing beam splitter 
28 to strike the reflection type liquid crystal panel 27. 
The three or four R ? G, B (W) optical images L13 (and 
white light for improvement of luminance) of wavelength 
bands shifted by time modulated by the reflection type 
liquid crystal panel 27 are passed through the polarizing 
beam splitter 28 and projected on the screen 19 etc. by 
the projection lens 18. 



13th Embodiment 

[0057] Figure 18 shows a 13th embodiment of the 
image projector 10. In this case, a DMD 26 is used as 

5 the spatial light modulator 16 of the seventh to 10th 
embodiments. The three or four effective light beams 
Li 2 split by the reflection type color wheel 17 strike xo 
the DMD 26 at an angle. The three or four R, G, B (W) 
optical images (and white light for improvement of lumi- 

io nance) of wavelength bands shifted by time modulated 
and emitted at an angle by the DMD 26 are projected on 
the screen 19 etc. by the projection lens 18. 
[0058] In the image projectors according to these 
latter embodiments, since a reflection type color wheel 

15 is used to split and reflect the white light emitted from 
the light source into effective light beams of wavelength 
bands shifted by time, the effective light beams are 
guided to the spatial light modulator without returning to 
the light source, provision is made of a means for 

20 processing and/or using the unwanted light passing 
through the reflection type color wheel, the color filters 
of the transmission type color wheel can be prevented 
from being heated and damaged by the absorption of 
light, and the means for processing and/or using the 

25 unwanted light passing through the reflection type color 
wheel can be used to convert light to power- by a solar 
cell etc. and dissipate the heat, it is possible to reduce 
power consumption by using the power obtained by the 
photoelectric conversion to meet some of the power 

30 requirements of the image projector, it is possible to 
more efficiently and easily cool the light source and the 
inside of the image projector due to the dispersion of the 
heat sources through the dissipation of heat of the 
unwanted light, and therefore it is possible-to improve 

35 the reliability of the image projector and prevent noise 
due to use of a large cooling fan. 

[0059] Further, in the image projectors according to 
the above embodiments, since a reflection type color 
wheel is used to split and reflect the white light emitted 

40 from the light source into effective light beams of wave- 
length bands shifted by time, the effective light beams 
are guided to the spatial light modulator without return- 
ing to the light source, and the reflection type color 
wheel is also used as an optical path changing means, 

45 the reflection mirror etc. for changing the optical path 
can be eliminated and therefore the costs can be 
reduced by reduction of the number of the parts and the 
assembling work and the image projector can be made 
smaller in size and lighter in weight. 

50 

Modifications 

[0060] Figure 1 9 shows a modification of the image 
projector 10. That is, in the conventional image projector 
55 shown in Fig. 25, since the transmission type color 
wheel 4 was arranged at a right angle with respect to 
the optical axis P of the white light LI emitted horizon- 
tally from the white light source 2, the diameter D of the 
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transmission type color wheel 4 directly influenced the 
overall height of the image projector 1. Consequently, 
when trying to reduce the height H, the diameter D of 
the transmission type color wheel 4 had to be reduced, 
in this modification of the image projector 1 0, the trans- 
mission type color wheel 36 is arranged horizontally 
approximately parallel with the horizontal optical axis P 
of the white light L11 (the wheel surface 36a of the 
transmission type color wheel 36 being approximately 
parallel with the optical axis P), and the white light 
source 11 and the spatial light modulator 16 are 
arranged at two levels above and below the transmis- 
sion type color wheel 36. 

[0061] Further, in this case, the white light L1 1 hor- 
izontally emitted from the white light source 1 1 passes 
through the first condenser lens 12 and is bent perpen- 
dicularly upward 90 degrees by the reflection type mir- 
ror 37 to strike the transmission type color wheel 36. 
The split three or four R, G, B (W) effective light beams 
L12 of wavelength bands shifted by time pass in the 
upper direction (or lower direction) through the trans- 
mission type color wheel 36. The transmitted effective 
light beams L12 are bent 90 degrees again by the sec- 
ond reflection mirror 38 to be horizontal approximately 
parallel with the optical axis P and passes through the 
second condenser lens 12 to strike the spatial light 
modulator 16. 

[0062] For this reason, according to this modifica- 
tion of the image projector 10, by arranging the white 
light source 1 1 and the spatial light modulator 1 6 in two 
levels above and below the horizontally arranged reflec- 
tion type color wheel 36, while the overall height H1 1 of 
the image projector 10 is limited to some degree, it 
becomes possible to increase the diameter D1 1 of the 
transmission type color wheel 36 remarkably in compar- 
ison with conventional case. By increasing the diameter 
D1 1 of the transmission type color wheel 36, it becomes 
to be possible to shorten the time T for turning off the 
spatial light modulator 16 while supplying the spatial 
light modulator 1 6 with the image signals SR, SG, SB as 
explained in Fig. 24 and to improve the luminance of the 
optical images projected to the screen 19 etc. 
[0063] While the invention has been described with 
reference to specific embodiment chosen for purpose of 
illustration, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 

Claims 

1. An image projector, comprising 

a light source emitting white light; 
a color wheel for receiving white light emitted 
from said light source and generating light 
beams of different wavelength bands at differ- 
ent times: 



a spatial light modulator for receiving the light 
beams of different wavelength bands at the dif- 
ferent times emitted by said color wheel and 
supplying image signals corresponding to the 
5 wavelength bands of the light beams to modu- 

late the received light beams to optical images 
of different wavelength bands at the different 
times; and 

a projection lens for projecting said optical 
to images modulated by said spatial light modula- 

tor, wherein 

said color wheel is comprised as a reflection 
type color wheel which receives said white light 
emitted from said light source to reflect so as to 
15 generate the light beams of different wave- 

length bands at the different times and directs 
the same to said spatial light modulator. 

2. An image projector as set forth in claim 1 , wherein 
20 said reflection type color wheel comprises rotatabie 

dichroic mirrors and generates the light beams sub- 
stantially used for the projection. 

3. An image projector as set forth in claim 1 , wherein 
25 said spatial light modulator comprises a liquid crys- 
tal material. 

4. An image projector as set forth in claim 1, wherein 
said spatial light modulator comprises a transmis- 

30 sion type modulator which transmits the modulated 
optical images for output. 

5. An image projector as set forth in claim 1 , wherein 
said spatial light modulator comprises as a reflec- 

35 tion type modulator which reflects the modulated 
optical images for output. 

6. An image projector as set forth in claim 5, wherein 
each pixel of the reflection type spatial light modu- 
lo lator comprises a micro-mirror. 

7. An image projector, comprising 

a light source emitting white light; 
45 a color wheel for receiving white light emitted 

from said light source and generating light 
beams of different wavelength bands at differ- 
ent times; 

a spatial light modulator for receiving light 
so beams of different wavelength bands at the dif- 

ferent times emitted by said color wheel and 
supplying image signals corresponding to the 
wavelength bands of the light beams to modu- 
late the received light beams to optical images 
55 of different wavelength bands at the different 

times; and 

a projection lens for projecting said optical 
images modulated by said spatial light moduia- 
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tor wherein 

said color wheel is comprised as a reflection 
type color wheel which receives said white light 
emitted from said light source to reflect so as to 
generate the light beams of different wave- 5 
length bands at the different times and directs 
the same to said spatial light modulator, 
said reflection type color wheel is arranged 
approximately parallel with an optical axis of 
white light emitted from said light source and/or w 
light beams striking said spatial light modulator, 
and 

an optical path changing means is provided for 
making said white light strike said reflection 
type color wheel at an angle and/or making ia 
said light beams reflected at an angle from said 
reflection type color wheel strike the spatial 
light modulator. 

8. An image projector as set forth in claim 7, wherein 20 
said reflection type color wheel comprises rotatable 
dichroic mirrors and generates the light beams sub- 
stantially used for the projection. 

9. An image projector as set forth in claim 7, wherein 25 
said spatial light modulator comprises a liquid crys- 
tal material. 

10. An image projector as set forth in claim 7, wherein 
said spatial light modulator comprises a transmis- 30 
sion type modulator which transmits the modulated 
optical images for output. 

11. An image projector as set forth in claim 7, wherein 
said spatial light modulator comprises a reflection 35 
type modulator which reflects the modulated optical 
images for output. 

1 2. An image projector as set forth in claim 1 1 , wherein 
each pixel of the reflection type spatial light modu- 40 
lator comprises a micro-mirror. 

13. An image projector, comprising 



tor, wherein 

said color wheel is comprised as a reflection 
type color wheel which receives said white light 
emitted from said light source into light beams 
of different wavelength bands at the different 
times and directs the same to said spatial light 
modulator, and 

a means for processing and/or using unwanted 
light transmitted through said reflection type 
color wheel is further provided. 

14. An image projector as set forth in claim 13, wherein 
said means for processing and/or using unwanted 
light transmitted through said reflection type color 
wheel is a solar battery. 

15. An image projector as set forth in claim 13, wherein 
said means for processing and/or using unwanted 
light transmitted through said reflection type color 
wheel is a heat sink. 

16. An image projector as set forth in claim 13, wherein 
said reflection type color wheel comprises rotatable 
dichroic mirrors and generates the light beams sub- 
stantially used for the projection. 

17. An image projector, comprising 

a light source emitting white light; 
a color wheel for receiving white light emitted 
from said light source into light beams of differ- 
ent wavelength bands at different times; 
a spatial light modulator for receiving light 
beams of wavelength bands at the different 
times emitted by said color wheel and supply- 
ing image signals corresponding to wavelength 
bands of the light beams to modulate the 
received light beams to optical images of differ- 
ent wavelength bands at the different times; 
and 

a projection lens for projecting said optical 
images modulated by said spatial light modula- 
tor, wherein 

said color wheel is comprised as a reflection 
type color wheel which receives said white light 
emitted from said light source into light beams 
of different wavelength bands at the different 
times time and directs the same to said spatial 
light modulator, and 

said reflection type color wheel is also used as 
an optical path changing means. 

1 8. An image projector as set forth in claim 1 7, wherein 
said reflection type color wheel comprises rotatable 
dichroic mirrors and generates the light beams sub- 
stantially used for the projection. 

19. An image projector as set forth in claim 1 7, wherein 



a light source emitting white light; 45 
a color wheel for receiving white light emitted 
from said light source into light beams of differ- 
ent wavelength bands at different times; 
a spatial light modulator for receiving light 
beams of different wavelength bands at the dif- 50 
ferent times emitted by said color wheel and 
supplying image signals corresponding to 
wavelength bands of the light beams to modu- 
late the received light beams to optical images 
of different wavelength bands at the different 55 
times; and 

a projection lens for projecting said optical 
images modulated by said spatial light modula- 
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said spatial light modulator comprises a transmis- 
sion type modulator which transmits the modulated 
optical images for output. 

20. An image projector as set forth in claim 1 7, wherein 
said spatial light modulator comprises a reflection 
type modulator which reflects the modulated optical 
images for output. 
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